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ABS TRACT 


Finite-amplitude standing waves in air at ambient tem- 
meratures contained within a rigid-walled rectangular cavity 
having one variable interior dimension were experimentally 
investigated. The effect of degenerate or nearly degenerate 
@onrigurations on the harmonic content of the observed pres- 
Sure waveform was compared to the theory of Coppens and 
Sanders as modified to include empirically determined losses 
pace sOonances. Second and third harmonic distortion for 
both degenerate and nondegenerate cavity configurations were 
meeerdaed aS Continuous functions of frequency in the vicinity 
of the resonances for the 100 and 110 modes. It was found 
that in rectangular cavities having walls free of any per- 
Peploatlon, the theoretical model can accurately predict both 
shapes and amplitudes of the harmonic content of the finite- 
amplitude standing wave whether or not degeneracies are 


peesent. 
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I. DN ERODUCTION 


im £968; Coppens and Sanders [1] applied a one-dimen- 
Sional, nonlinear, acoustic wave equation with a dissipa- 
tive term describing absorptive losses to rigid-walled, 
closed tubes with large length-to-diameter ratios. They 
iaeer expanded this theory to incorporate empirically 
determined losses and resonance frequencies [2]. Pie sm oaenkk 
was further extended to include two- and three-dimensional 
cases, which was experimentally investigated by Lane [3] 
and Devall [4]. 

One of the Significant results of these latter investi-= 
gations was that the agreement between theory and experi- 
ment deteriorated when degenerate modes were present. The 
EMmeery was not able to account for the effect of modes 
degenerate to members of the family of the driven mode. 

To study the effects of degeneracies, a rectangular 
cavity was designed and constructed so that one wall could 
be moved and secured at various positions to introduce or 
remove degenerate modes as deSired. The primary interest 
in this research is to make a detailed investigation of 
finite-amplitude standing waves in air at ambient tempera- 
tures in cavity configurations producing degenerate or 
nearly degenerate modes, and compare the results to the 


present state of the theory of Coppens and Sanders. 
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it. BACKGROUND AND THEORY 


The study of distortion of intense acoustic waves began 
Mmaietoos when Kirchoft [5] used the nonviscous hydrodynamic 
equations to predict a change in waveform for a plane travel- 
mig longitudinal wave. inieminvwestagations OL rinite vamp li— 
mmce cftfects in traveling waves continued [{6,7,8], and in 
1954 Keller [{9] was able to extract solutions for standing 
waves ina closed tube. His investigations, based on a non- 
dissipative medium, yielded useful results for frequencies 
away from resonance, but predicted infinite amplitudes at 
resonance. 

In absorptive media, only those waves of relatively high 
poruituage will experience a change in form. Pie SOluUELon or 
this nonlinear wave equation requires second order terms or 
Mmeginer, which Keck and Beyer [10] developed using perturba- 
tion methods and Fourier series representation of the wave- 
ihexmm . Coppens and Sanders {lJ extended the perturbation 
approach to include wall losses predicted by Rayleigh-Kirchoff 
{l11], and showed excellent agreement with experiments con- 
ducted in a rigid-walled tube at low levels of nonlinear 
interactions. The experimental work by Beech [12] with 
Pmpporting Calculation by Ruff [13] showed that at high 
excitation levels, a significant difference developed between 


theory and experiment. Winn [14] experimentally demonstrated 
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that the Rayleigh-Kirchoff loss mechanisms were not conm- 
pletely suitable in describing the phase relationships ob- 
served in the distorted waveform. Coppens and Sanders [3] 
then revised their model to utilize empirically determined 
losses and resonant frequencies, thereby extending the 
excellent agreement between theory and experiment to higher 
excitation levels. A further extension of their model to 
two- and three-dimensional standing waves in cavities was 
purposed and experimentally found by Lane [3], to sSuccess- 
mie Dredict the major features of the harmonic content for 
finite-amplitude standing waves in rectangular cavities. 
Devall [4], however, found that if degeneracies existed, 
the model failed to account for the experimentally observed 
excitation of non-family modes. 

The model of Coppens and Sanders is based on a three- 
dimensional, nonlinear wave equation with a dissipative 
term describing absorptive losses encountered by plane stand- 
ing waves in rigid walled cavities. In one dimension, the 


wave equation takes the form 





2 2 na 2 
20 fe) 1 re) re) re) 2 
n=l ox - dt Ox 
where 
on = particle displacement due to aioe harmonic 
2G 
n n 
b = 


ly 2 Se) 





specific heat for medium at constant pressure 


Ce 
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- Spectriceneadt LOmnemedium at Constent volume. 


The term D depends on the loss mechanism,and for Rayleigh 
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PMarechott wall losses is 





Daa 0 <1 : a -_—= ca 
7 D 2 2 
ey ee ae 
A 
where 
6, = a coefficient containing the shear viscosity and 
EiernMal. COnauctivity ot the medium 
Wi+ = frequency (angular) of fundamental resonance 
W) 
oye ee i\ira 
eC ee 
and Wo — WF_ is the difference of the half power frequen- 


cies above and below the fundamental. 
Pic tommlncanabe rneLormalated [3] to introduce the em- 
pirical resonance frequencies and absorption coefficients. 


ies results in 
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is the difference of the half power frequencies 


above and below W a) 
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acoustic pressure 

density) On medium 

thermodynamic speed of sound in medium 
h Mier ee we OC zs 

mach numbe l PQ, = 


peak pressure of fundamental component of wave 


; ae th 
Howrey coecriicLlent Of nh harmonic “component, 


MOrmalizea such that Ry a 


phase angle of nee harmonic component, where %,= O: 


Bauvation 2 can be changed into a time-independent form, which 


mimem sOlved for boundary conditions of rigid walls produces 


1 1 n=l 
R -§ = Mb — <= )} R.R + 
HR, cos (o,-8) 9,573 ‘one ee cle Cen ae! 
co 
- » R PRaecost . -O.) 
eq. ed Ont3 ° 


and a@ similar form with sin in place of cos, where 


and 
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ApGuantcity E(mjeis defined 


W 
gg lr 


TW 
ie 


E(n) = 


mo indicate the position of w - relative to the ideal har- 
n 
monic frequencies, nWsy Values for Q(n) and E(n) are 


directly determined from infinitesimal-amplitude analysis of 


[me Cavity, and are used aS computer input parameters. 
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Iilt. EXPERIMENTAL CONSIDERATIONS 


io APPARATUS 

Tiesrectangularwcavity wsed in this research (Figure 1) 
mers constructed from 0.982 in. milled aluminum plates. The 
mmieer 1 GY Of the cavity was 12.002 in. long and 2.502 in. high, 
marte the width could be varied from approximately 5.50 in. 
fom OO in. in 0.25 in. increments. All joints were right 
emg les, to which a thin layer of silicon grease was applied 
Prior to assembly to hermetically seal the cavity. Table I 
shows the theoretically predicted normal mode frequencies 
for ideal rectangular cavities corresponding to the seven 
nominal configurations. 

Acoustic waves were introduced into the cavity by means 
Sema D1iSston located ina 2.25 in. diameter port in the floor. 
A single lubricated O-ring was used to produce a seal between 
mee piston and the port. 

©n a side wall opposite the piston, another port was cut 
for a 1/4 in. diameter Bruel and Kjaer type 4136 condenser 
[mmerophnone. This port contained two small O-rings to provide 
omseal for the microphone. The axes of the piston and micro- 
phone were mutually perpendicular to minimize coupling of 
mechanical vibration. 

Awolock diagram Gf the apparatus is shown in Figure 2. 


The piston was driven by an M-B Electronics Model EA1500 
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Exciter which, in turn was driven by two M-B Electronics 
Model 2120MB Power Amplifiers operating in parallel. The 
driving signal was produced by a General Radio 1161-A Coher- 
mimes bDecade Frequency Synthesizer, configured to provide fre- 
quencies precise to 0.001 Hz. A General Radio Model 1160P2 
Sweep and Marker Generator and Model GR1569 Automatic Level 
Regulator made automatic collection of data possible. 

The piston movement was continuously monitored by means 
of an Endevco Model 2215 Accelerometer mounted within the 
piston. The output voltage of this accelerometer was mea- 
Sured on a Hewlett Packard Vacuum Tube Voltmeter Model HP4OOD, 
ema the Output of this meter displayed on a Fairchild Model 
Wyo Dual-trace Oscilloscope. (The input impedance of the 
oscilloscope was too low to allow the accelerometer to be 
gerectly connected to the oscilloscope.) 

The sound pressure in the cavity was sensed by the Bruel 
pmemijgaer type 4136 condenser microphone with matching pre- 
amplifier type 2801. The output of this preamplifier went to 
Bove Other pieces of equipment. (1) A Hewlett Packard HP400D 
VTVM to measure the overall voltage level. (2) Second input 
Set me Fairchild Oscilloscope. This allowed a continuous 
display of the acoustic signal present in the cavity. fThe 
oscilloscope was externally triggered by the output of the 
Synthesizer. (3-5) Three Hewlett Packard HP302A Wave Analyzers 
meen 7HzZ bandwidth set to AFC (Automatic Frequency Control), 
Sermchat they automatically followed the selected signal as 


mame Lrequency slowly varied. 
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Two of the wave analyzers were set to the second and 
third harmonic of the sound signal. Their outputs were 
passed to two Clevite Brush Recorders Model 220, and a time 
mecord of the second and third harmonic signal contents 
mere printed on one GChannel of the paper tape of their res- 
pective recorders. 

Mure Output Of the third wave analyzer, set to the funda- 
mental frequency, was used as a control signal for the Auto- 
Matic Level Regulator. Iie wRequlator “Gontrolled tEhevariving 
level to the 2120CMB Power Amplifiers, so that the level of 
the first harmonic remained constant while the frequency 
was swept through a cavity resonance. The Sweep and Marker 
Generator was uSed to automatically sweep the frequency about 
emeset center Erequency. The Sweep Generator has various 
sweep speeds and produces a marker signal at the center fre- 
Puaemey, as well as at set intervals. The marker signal, ampli- 
fied by a HP400D VTVM, was passed to the second channels of 
both Brush Recorders. (It was necessary to amplify the 
marker signal because the Sweep Generator was operated at 
its lowest speed, where the marker voltage was insufficient 
Hemp rOoaduce a mark.) 

The final element in the experimental setup was a control 
mmaesatety Circuit specifically designed and constructed for 
mmeseproject., This Circuit performed three basic tasks. 

The first was a switching function that allowed connection 


of all the appropriate signals to the equipment so the 
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Pactomatte Level Regulator maintained control of the drive 
fevel. The Opposite Switch position bypassed the Regulator 
completely and allowed the drive signal to be controlled at 
the Frequency Synthesizer. 

taewesecond LuUnctELon Of Chis circuit was to provide a 
safety relay. Since the output of the Level Regulator is 
Mmversely proportional to the voltage of the control signal, 
loss of that signal causes the Regulator to output its maxi- 
mum voltage to the 2120MB Power Amplifiers. To prevent 
possible damage, the safety circuit monitors the signal to 
the power amplifiers and removes this signal wherever it 
exceeds a value set by the Associated Hewlett Packard HP467A 
meer Amplifier as Shown in Figure 2. Once the circuit is 
Pempped, indicated by a panel light, it remains open until 
reset by the safety circuit/bypass switch. 

Mnye last job performed by the control and safety circuit 
Mmemtnac Of a variable attenuator, which allows the operating 
voltage levels of the Regulator to be maintained near its 
mid-scale range. This also provides an inherent safety 
feature by limiting the maximum drive signal. This feature 


could also be bypassed, 


B. STRENGTH PARAMETER AND MICROPHONE SENSITIVITY 


The strength parameter defined as 


SP = MbO 


where 


C4 
i 
rg 
es 
~ 
cs, 
Q 
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momEtnemwuasie Giantity which characterizes the strength of 
the finite-amplitude interaction. To determine SP, it is 


necessary to know P Vitibeh it turnm can be. calculated from 


ed 


the microphone output voltage if the microphone sensitivity 
is known. Microphone sensitivity, obtained with a Breul and 
Kjaer Model 4220 pistonphone, was found to be 
-3 2 
Su = (Gio eo) 0503) x 10 VOni7 (ni iM. 


Using the relationships 


= V P 
a m/ rms 


and 
Bi panty 2p 
1 rms 
eilewcan rewrite the strength parameter as 
SPa=s(7e62- x One V 
. Mm? : 


where Mir Pome ne  EMoavoltage of the fundamental. 


C. FREQUENCY PARAMETER 


The frequency parameter, defined by 
FP = 2(f. - nf,) Q,/nt, ; 


normalizes the driving frequency to the fundamental resonance 
of the system. Bomesc aM pisc7e Eme dicta On tet. O) COLLesponds 
Pemariving the cavity at the 1/2-power point of the funda- 


mental resonance, 
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BYE DPULTOMATTC DATA COLLECTION 

PweevtGuc  Tnavestiqartaons [35,4,12,14}] encountered a drift 
of the resonant frequencies. Slight temperature changes 
were postulated to be the cause. TO minimize this effect 
the system was allowed to warm up by driving the cavity for 
four hours at a strength parameter approximately equal to 
meeose to be investigated. This significantly reduced the 
mmec Of Lrequency drift. This, coupled with the 10- to 20- 
mea agecrease in run time that automatic data collection pro- 
Weed, greatly reduced frequency drift from 0.8Hz per run 
momeress than O.O5HZ2 per run. 

Another advantage of this automated system was the 
Semuitaneous recording of harmonics as a continuous function 
wee requency. The number of harmonics investigated during 
any one run was limited only to the number of available 


HP302A Wave Analyzers and Brush Recorder channels. 


Ee SYSTEM ALIGNMENT 

icmp namiary LactOr 2n setting the lower limit to the 
Measurement of harmonic content was the amount of distortion 
“injected PWe@Gublteecadvitky 9oy the piston. Misalignment of the 
feeecon within its port causes distortion of the piston motion 
which was detected by analyzing the harmonic content of the 
accelerometer output voltage. (With the piston removed from 
mao port, distortion levels were of the same order of magni- 
tude as the general electronic noise level of the accelero- 


meter system when at rest.) BetOnre eacm run, the piston was 
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PetsMmea Wlchin 1S port so that the accelerometer output 
wometagenmecontained less than 0.1% second harmonic and 0.2% 
maird harmonic. 

After testing various configurations, the one selected 
for ease of alignment consisted of the cavity mounted on a 
tripod SUpport directly above the exciter, which was 
Supported by its own base in an upright position. Both the 
Pmmeecy tripod and the exciter rested on a 5/16 in. pad of 
Samet acoustic rubber. Once the system was aligned, only 
an occasSionat minor adjustment was necessary to maintain 


Penwepiston distortion. 
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IV. Dene eopbeeULON PROCEDURES 


A. PRERUN PROCEDURES 

Because the system was designed to collect the bulk of 
the data automatically, careful attention to prerun proce- 
dures was essential for an accurate data run. The system 
Tesewarmed up for at least four hours prior to any final run 
preparations, SO as to keep any frequency drift to a mini-~ 
mum. After this warm up period and prior to anything elSe, 
the piston motion was analyzed using the HP302A Wave 
Analyzers, and the system aligned as necessary. 

The HP302A's were then reconnected to monitor the micro- 
pmeme Output and Set to track (AFC position of function 
Switch) the fundamental, second, and third harmonic frequen- 
cies. Next, the Frequency Synthesizer was set to the 
resonance frequency of the gravest member of the family to 
be investigated, and the signal amplitude was adjusted 
until the value of the fundamental voltage reached the 
desired level. The ratios of each harmonic to the funda- 
mental was calculated from the wave analyzer, and an appro- 
priate scale was selected for each BruSh Recorder so that 
the stylus was approximately at its maximum position. Once 
the Brush Recorders were set they did not need to be re- 
calibrated as long as the fundamental voltage was maintained 


at the prescribed level. 
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Liemoweoepraicd Marsmere Generator was set to sweep a fre=- 
emienicy band equivalent to + 3.0 in frequency parameter cen- 
tered at the resonant frequency, and an appropriate marker 
Spacing was set. The Sweep was momentarilly stopped while 
the Automatic Level Regulator was switched into the circuit 
and brought up to the prescribed voltage level. (Maximum 
stable regulation rate was 10 dB/sec.) The automatic sweep 
was then allowed to continue, and the output of the 2120MB 
Power Amplifiers was carefully monitored to prevent acci- 
dental overdriving of the EA1500 Excitor. Sweep speed of 
Sixty seconds, and tape speed of 5mm/sec were used and the 
system was allowed to make two full sweeps, at which time 
Recorder calibration and stability of the fundamental 
voltage level was checked. If all systems were properly 
operating, the time was BABA OH aR ae the system made its 
final two frequency sweeps while the fundamental voltage 


level was continuously monitored for any undesired change. 


Be Pu SEQUENCE 

The run officially began when the final two frequency 
Sweeps commenced. (All previous recordings were discarded 
memprevent confusion due to possible frequency drift.) Upon 
completion of the final two frequency sweeps, the second 
phase of the measurements followed immediately. The Auto- 
matic Level Regulator and Sweep Generator were switched out 
of the system, and the Frequency Synthesizer was used alone 


to carry out the infinitesimal amplitude analysis. Detailed 


PT | 





measurements Of the O and HE for the fundamental, each re- 
corded mode, and, where possible, modes of higher order 
were performed. In measuring the O1: it was necessary to 
maximize the microphone output voltage by varying the fre- 
auency. Tren whe treemency was shifted off resonance until 
the voltage was -3dB below the maximum. The difference 
between the -~3dB points on both sides of the maximum deter- 
mined the bandwidth (Af), and, assuming the resonance fre- 
quency waS exactly between these two, allowed the calculation 
on 0. In those cases where degenerate modes appeared and 
=3aB down frequencies could not be achieved, the ~-1dB and 
-~2dB points were measured for both the family and degenerate 
modes and their center fregquencies and Q's could be extra- 
polated using a method described by Devall [5]. Since © 
measurements were observed to be very similar between the 
mumomror both cavity configurations, the average values for 
O of the non-degenerate modes were uSed as the computer in- 
put parameters for those modes where degeneracies impaired 
the measurements. An average set of 90 and E measurements 
meoomerrom five to Six minutes. With the present automatic 
collection system, increasing the number of harmonics re- 
corded by the addition of more analyzers and recording 


emiaiels will not effect the actual run time. 
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V. RESULTS 


Tables If through V display the properties of the 
cavity determined from infinitismal-amplitude measurements 
meme ecach run. The tables represent one- and two-dimensional 
modes (nOO and nnO) for the non-degenerate and degenerate 
configurations (A and B respectively). Each table lists 
the strength parameter (SP) of the various runs, and contains 
the center frequency of the haa harmonic See oe along with 
their measured bandwidths (Af), Q's, and E's. 

The theoretical values for harmonic content were calcu- 
lated using the values found in these tables. Cavity con- 
Mmermmation B's design specifications required the 200 and O10, 
400 and 020, 500 and 320, and 220 and 410 modes to be de- 
generate pairs. Data were taken, and theoretical curves 
generated in both configurations for strength parameters of 
meme. 29, O.50, 0.4/ (B only), 9.55, and 0.65 driving the 
mivemode and 0.24, 0.37, and 0.49 for driving the 110 mode. 
In all runs the piston was positioned with its face flush 
Ween the interior floor of the cavity. 

Figures 3 through 17 display the experimentally measured 
mememonitc distortion (dashed line) and the theoretically pre- 
emeted values (dotted line). With few exceptions, theore- 
tical and experimental values lie well within experimental 


emeor Jimics. POMmelemcice swoon st Or. bl, 15, 16 and 17, 
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TABLE III 


n0Q00Q MODES CONEIUGURATION B° (12"x6.0"x2.5") 
SP RUN# n £ Af Q(n) E (n), 
(Hoe (Hz) (eG =) 
0.292 9 ili 566.81 IAS Z95 0.0 
Z , 1134.84 3.40 So4 1.08 
8 1701.66 Sal dW AS Al 0.725 
4 229.0 .07 Aas SZ ZS 
Ceara) 
Oeoo Ll ia Ii 566.82 Die 24 249 0.0 
Vd 1134.90 3.48 326 1.10 
3 1701.78 S700 440 On 77 & 
4 22/0.26 445 510 eae 
CE1G2.5) 7 
O24 73 2 al 566.94 DAS: 248 one) 
Z ts 5-17 SS) 326 Gg Le 
3 L023 Ug 3.86 441 0.808 
4 221023 4.46 509 L36 
(ear). 9) 
Or 559 13 IL 564.50 ICAL 244 ORG 
2 ees 4 Bie D Bee, LZa9 
3 1695.06 657819) 446 0.927 
4 2261.44 4.39 513 5 es Be: 
(Gente, ale) 
O2651 A 1 564.93 Zea 244 0.0 
2 es kes oS B23 ie22 
3 1696.30 S550 439 0.887 
. 4 2263.05 4.45 508 1.47 
(fig.22) ~ 
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TABLE -IV 


nn0OQ MODES COM EGURATION A (12"25275>x265) 

SP RUN # 19h fy Af Q(n) E(n), 
- (HZ) (Hz) (x10~) 
02255 8 L L3093.265 Sos. 3395 O16 ae 

Z 2629.16 SAS 486 OS EO. 
3 S93 027 0 7343 SAS, O72 > 
(sen epee) 3 
0.382 6 i iSeOeeS bes es 334 Oni0 
2 ZO62)0 7 5) ES its: 481 0.499 
3 8932-910 TG3 516 02599 
(ae sWepy Jesh) 
0.504 7 i P30Ge12 3.96 330 O20 
2 26 lee 7 Suz 494 0.620 
3 3927240 Ta 5 a2] 0279s 
CEigiad 2) 
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TABLE V 


nn0Q MODES CONFIGURATION B (12"x6.0"x2.5") 

SP RUN # n fy Af Q (n) E (n), 
; (HZ): (Hz) (x10~) 
0.240 15 1 1263.38 4.01 ces 0.0 

2 2527.79 5.20% 486* O14 Ole) 
3 3793.84 7.04 538 0.975 
(fig.15) | 
0.360 16 1 1265.96 4.01 S05 0.0 
2 2532.95 Sees 486* 0.404 
3 BGO. 56 7.05 539 0.967 
Ciao. 16) 
0.476 18 1 ize7 264 4.11 307 0.0 
2 JS NE. Sl 5.22* 486* 0.403 
3 3803.72 6.78 552 0.207 
Gene hi) 


*These values were obtained from averaging the Q's 
for the same mode from configuration A, 
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arrows indicate the locations of the associated degenera- 
cies. Tables VI and VII list the resonance frequencies 

ena ©'s Of the driving mode, the center frequencies and the 
value of FP at which the mode would peak for each degenerate 
pair. (A perfectly tuned cavity with no wall losses would 
exhibit a frequency parameter of zero for these frequencies.) 
One point of considerable interest is that on all figures 
momeecthe degenerate configuration (Figures 7-1ll, 15-17), 
there is no observable deviation of the experimental and 
Piieoretical cumves for the second harmonic. This is true 
hor the one-dimensionally driven mode (100) as well as the 
two-dimensionally driven one (110). 

The only significant discrepancies appear in Figures 5, 
“eo, and 10, near the peaks of the curves for the third 
harmonics. The theory peo atees a Significantly flat res- 
ponse for these higher strength parameters that was not 
Observed experimentally. Tt wssalse interesting to note 
memes peak pPOSition of the fifth harmonic and its effect on 


lene. £ourth. 
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VI. CONCLUSIONS 


The experimental system used in testing the theory of 
moppens and Sanders has proven to be accurate, efficient, 
and very reliable. System limitations are few; however, 
possible equipment improvements are outlined in Appendix B. 
The system is eaSily adaptable to cavities or tubes of 
almost any shape. 

It is significant to note that there were no observable 
differences between the theory of Coppens and Sanders as 
modified to include empirical losses, for either degenerate 
Or non-degenerate configurations. The theory successfully 
beedicts the basic harmonic content for finite~amplitude 
standing ina non-perfect rectangular rigid-walled cavity 
when the piston and its port are relatively small perturba- 
tions in the cavity'sS geometry, regardless of the existences 
of degeneracies. 

The only deviation between theory and experiment can 
Ipemeseecen best in Figures 5, 6 and 10. The predicted harmonic 
Peatortion for the third harmonic in these cases shows an 
apparent yielding of power to the fourth harmonic as strength 
parameter iS increased. The experimental data do not con- 
mormm this feature. Et is unclear as to the reason for this 
faecrepancy, but appears to be an artifact brought about by 
the way the computer program produces E(n) for n's greater 


than those actually meaSured. The program presently 
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calculates values for E(n) not empirically determined, and 
assigns them alternating positive and negative values of 
magnitudes consonant to those actually measured. [In all 
cases investigated, the experimental values for E(n) were 
positive and of order LO for the one dimensional cases in 
@iestion. It is probable that a slight change in the method 
Sescalculating higher order values of E(n) could alleviate 
this lack of agreement. A quick computer run was made 

uSing the values obtained for run number 4, and a fabricated 
value of E(5) which was positive and had a magnitude equal 
ijomeche average of EBE(2), E(3), and E(4), and it was found 

the flattening in the predicted values vanished and more 


closely resembled the experimental data. 
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APPENDIX A 


INVESTEGATION OF TRAPEZOLDAL CAVITY 


One feature tmceaeporated 2nto the design of the rec-— 
tangular cavity was the ability to turn the adjustable wall 
around. The side of the wall that was out when in the rec- 
Pangular configuration, was milled Om an angle that had 
rie cin. Lise over the 12.002 in Vength (Figure Al). The 
mean interior width was adjustable from approximately 
meee n. tCO 700 Min. in O.25 in. increments. One configura- 
tion was investigated in the same manner as were the 
meceangular Ones; a mean width o£ 5.740 in. was utilized. 

The cavity resonances were found to correspond closely 
Memene theoretically predicted frequencies for an ideal 
Mmemreangular cavity with an interior width dimension of 
5.75 in, but always were displaced toward higher frequencies. 
The cavity was excited at its lowest resonance frequency 
amas the harmonic content recorded. Table A-1 lists the 
Sem@ength parameters, center frequencies, Q(n)'s and E(n)'s 
Measured in this configuration. It is interesting to note 
that these Q(n)'s were generally lower than those found for 
configuration A (Table II). 

Theoretically predicted curves were generated using 
the values in Table A-1l, and compared to the observed har- 


monic content (Figures A2-A4). test cmocloar that there as 
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excellent agreement in all three runs. The same phenomena 
Saitoteced tn Figures 9, 6, 10, and ll is seen in Figure Ad4, 
and iS believed to be an artifact of the computer's method 
ef calculating values of E(n) of higher order than those 
Smpirically determined. 

It appears that the theory of Coppens and Sanders can 
mmieecessfully predict harmonic content for cavities slightly 


perturbed from rectangular configurations. 
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APPENDEX B 


SUGGESTIONS 


The major limitation encountered in this research was 
wie inability to record more than 2 harmonics at one time. 
Wieat 1S needed is a six-to eight-track recorder and at 
least two additional Hewlett Packard HP302A Wave Analyzers. 
All harmonics to be investigated must be recorded simul- 
meameously to keep any £Lrequency drift from becoming a factor 
in these meaSurements. 

The General Radio Sweep and Marker Generator model 
ieeOoP2 was borrowed from a separate activity. Use of this 
piece of equipment is essential to the operation of this 
system. 

tne Linmdale SUGGeStion, but of no less importance, is the 
Mmee@essity OF the 0.00 through 0.09 Hz digital component for the 
existing General Radio model 1161-A Coherent Decade Frequency 
synthesizer. The accuracy to which the Sweep Generator's 
center marker is located is dependent on the Synthesizer's 
fearetal components, This final component would eliminate 
any marker ambiguity that is introduced in the system's 


Preesent configuration. 
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